The X-ray Ge K absorptioń (emission) bands were measured in the stoichiometric glass system (GeS2) x (Bi2S3)1-x (x = 0 ÷ 0.5) and in the Ge20BiySe80-y system (p = 0, 7 and 13). The results do not confirm the existence of the Ge-Bi bond and they imply that the GeS2-clusters are formed in both studied systems.
Introduction
The Ge-Bi-S(Se) glasses prepared by quenching from the melt have been studied because they reveal, in contrast to most other chalcogenide glasses, the n-type conductivity at higher concentrations of Bi. There has been a long discussion about the stucture of these materials, particularly about the existence of the Ge-Bi bond. Its existence is supposed in the Ge-Bi-S(Se) system in [1] [2] [3] . On the contrary, EHiot and Steel [4] , who measured the extended X-ray absorption fine structure (EXAFS), exclude the existence of the Ge-Bi bond.
We decided to study the X-ray Ge K emission and absorption bands because of their sensitivity to the short range order. The K-emission bands correspond to the transition of the Ge 1s hole to the valence band states of p-symmetry and the K absorption bands (represented by the absorption coefficient μ(E)) correspond to the transition of the 1s electron to the conduction band p-states. In both cases the symmetry is related to the Ge atoms. Due to the localization of the 1s state the X-ray emission and absorption bands sensitively reflect the changes in the first coordination sphere of the Ge atom as to its symmetry and/or the kind of atoms.
(721)
Experiment
The X-ray bands were performed by twocrystal spectrometers with silicon single crystals and X-ray spectrometry tubes. The Ge Kg, emission bands were measured in the (m, -n) position using Si(220) and Si(400). The fluorescence method of excitation was used [5] .
The Ge K absorption bands were measured in the (m, n) position using the Si(220), Si(111) and Si(220), Si(220) crystal for Ge-Bi-S and Ge-Bi-Se systems respectively (for experimental details see [6] ).
The glasses were prepared by direct synthesis from the corresponding elements by the conventional melt quenching technique [6, 7] . The glassy nature of the prepared samples was tested by X-ray diffraction measurements, infrared microscopy (100x magnification) and differential thermal analysis.
Figures 1 3 show the measurements. Each point represents an average of several repeated runs. As reference energies, the Ge line of pure germanium (emission) and the W Lr1 line (absorption) were used.
Results
The measured Ge Kβ2 emission bands of the Ge-Bi-S system are shown in Fig. 1 . The apparatus smearing function (ASF) gives the resolution of the spectrometer. The absolute energy scale is not given because it is not important for the interpretation; furthermore the precision of the tabulated reference line is of the order of 1 eV. Nevertheless, it seems informative to know the energy region of the spectra; the tabulated values [8] of pure germanium are 11100.8 eV for Ge Kβ2 and 11103.6 eV for the Ge K absorption edge.
The energy and shape of the emission band do not depend on the Bi content (see vertical line in Fig. 1) .
The Ge K absorption bands of the Ge-Bi-S and Ge-Bi-Se systems are shown in Figs. 4 and 5. They represent the energy dependence of the absorption coefficient μm (μ is the absorption coefficient, m. is the mass of the sample per cm 2 ). The measured curves were corrected, which means that they were deconvoluted by the apparatus smearing function. Again, we see practicaHy no changes in the energy of the absorption edge or the band shape.
The studied non-stoichiometric glasses are more often specified as GexBiy S (e)1 -x-y . Using this notation we give the composition of our Ge-Bi-S samples in Table for comparison.
Discussion
Our measurements show no changes in the Ge K bands dependent on the Bi concentration, which means that the coordination around Ge-atoms does not change as well. The formation of the Ge-Bi bond would bring about a significant change in the X-ray bands because the Bi-atoms are unlike in valency and in requirements for the symmetry of neighbours in comparison with sulphur or selenium (the sensitivity of the Ge K absorption bands can be demonstrated e.g. by the significant difference in their shapes going from amorphous GeS to the crystaHine GeS [6] ).
Our results do not agree with those presented by Agnihotri et al. [3] who measured the Ge K absorption edges in Se rich Ge-Bi--Se glasses. They found a shift of the absorption edge of 1.91 eV for the Ge22Bi10Se68 glass in comparison with the Ge 22 Se78 , from which they deduced the presence of the Ge-Bi bond. However, it is necessary to remark that in comparison with the two crystal spectrometers the apparatus used by Agnihotri et al. has a very low resolving power and the photographic registration of the spectra. From the Ge . K absorption edge measurements by Zhou et al. [9] it follows that the position of the absorption edge of Ge40Se60 and Ge20Se80 is practically the same. For the Ge-Bi-S system we studied the stoichiometric glasses and so it can be expected that more Ge-Bi bonds are formed than in systems rich in S(Se). Yet our results do not support it. Thus we conclude that the changes induced by doping GeS 2 with Bi do not concern the nearest neighborhood of germanium atoms. We obtained similar results for the Sb-doped system [6] . For the stoichiometric Ge-Bi-S system and the concentration range studied by us the measurements of the optical gap [10] give changes up to 2 eV correlated with the Bi-content. Our measurements show no shift in the emission band edge (see vertical line in Fig. 1 ) or the absorption edge (Fig. 5) . Therefore we can infer that the gap width corresponds to that in amorphous GeS 2 *. *It should be emphasized that the Ge K bands yield informatiom about the p-partial density of states (PDOS) around Ge-atoms (p-states of germanium) and it is very unlike that any chamge in the position of the valence band maximum and conduction band minimum would not be accompanied by the chamge of the p-symmetry PDOS.
The disagreement between our measurements and the measurememts of the optical gap can be interpreted by means of the idea of clusters of GeS2 and Bi2S3 that the Ge-Bi-S system consists of. The optical properties of the Ge-Bi-S system can then be explained by means of the percolation theory as proposed in [10] .
Considering the fact that the X-ray bands describe the states localized on the germanium atoms our measurement support the idea that the glasses in question are built of GeS4 (GeSe4) clusters.
Conclusions
The X-ray Ge K absorption bands were measured in the Se-rich Ge-Bi-Se system and the Ge K emission and absorption bands were measured in the stoichiometric Ge-Bi-S system. Our measurements support the idea of forming the microclusters of GeS 2 in these materials and do not confirm the existence of Ge-Bi bonds, in particular the dependence of the such bonds on the concentration of Bi.
